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PREFACE 


The  U.S.  Army  Engineer  Waterways  Experiment  Station  (WES)  was  requested 
by  the  Air  Force  Office  of  Scientific  Research  (AFOSR)  to  provide  a  complete 
and  consistent  set  of  laboratory  properties  for  two  soils  to  be  used  in 
support  of  AFOSR  contract  number  F49620-80-C-008,  "Fundamental  Properties  of 
Soils  for  Complex  Dynamic  Loading,"  with  Applied  Research  Associates,  Inc., 
Albuquerque,  New  Mexico.  The  work  reported  herein  was  funded  under  AFOSR- 
MIPR-82 -00003,  Project  2307/Cl  FT  82;  the  technical  contact  was  LTC  John  J. 
Allen,  AFOSR/NA. 

The  WES  project  engineer  for  this  study  was  Mr.  B.  R.  Phillips  of  the 
Geomechanics  Division  (GD),  Structures  Laboratory  (SL),  working  under  the 
general  direction  of  Mr.  J.  Q.  Ehrgott,  Chief,  Operations  Group,  GD,  and 
Dr.  J.  G.  Jackson,  Jr.,  Chief,  GD.  The  laboratory  composition  and  mechanical 
property  tests  were  conducted  by  personnel  of  GD  and  the  Instrumentation 
Services  Division.  The  laboratory  classification  and  index  tests  were 
conducted  by  personnel  of  the  Soils  Testing  Facility,  Soil  Mechanics  Division, 
Geotechnical  Laboratory.  This  report  was  prepared  by  Mr.  Phillips  and  was 
transmitted  to  the  sponsor  in  January  1982. 

COL  Tilford  C.  Creel,  CE,  and  COL  Robert  C.  Lee,  CE,  were  the  Commanders 
and  Directors  of  WES  during  this  investigation.  COL  Allen  F.  Grum,  USA,  was 
the  previous  Director  and  COL  Dwayne  G.  Lee,  CE,  is  the  present  Commander  and 
Director.  Mr.  F.  R.  Brown  and  Dr.  Robert  W.  Whalin  were  the  WES  Technical 
Directors.  Mr.  Bryant  Mather  was  Chief,  SL. 
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CONVERSION  FACTORS,  NON-SI  TO  SI  (METRIC) 

UNITS  OF  MEASUREMENT 

Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI 
(metric)  units  as  follows: 


Multiply 

By 

To  Obtain 

degrees  (angle) 

0.017^5329 

radians 

feet 

0.3048 

metres 

gallons  (US  liquid) 

3.785412 

cubic  decimetres 
(litres) 

inches 

2.54 

centimetres 

kips  (force) 

4.448222 

kilonewtons 

kips  (force)  per 
square  inch 

6.894757 

megapascals 

megatons  (nuclear 
equivalent  of  TNT) 

4.184 

petajoules 

pounds  (force)  per 
square  inch 

6.894757 

kilopascals 

pounds  (mass) 

0.4535924 

kilograms 

pounds  (mass)  per 
cubic  foot 

16.01846 

kilograms  per 
cubic  metre 
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MECHANICAL  RESPONSE  OF  DRY  RE ID- BEDFORD  MODEL  SAND 
AND  SATURATED  MISERS  BLUFF  SAND 


INTRODUCTION. 

Applied  Research  Associates,  Inc.  (ARA) ,  has  been  funded  by  the  Air 
Force  Office  of  Scientific  Research  (AFOSR)  to  evaluate  the  ability  of 
different  mathematical  constitutive  models  to  simulate  the  behavior  of  soils 
to  complex  dynamic  loadings  produced  by  both  explosive-  and  earthquake- 
induced  ground  shock.  To  accomplish  this  study,  ARA  requires  a  complete  set 
of  laboratory  test  data  on  two  sands.  A  complete  set  of  properties  includes 
static  and  dynamic  uniaxial  strain  and  triaxial  shear  data  on  both  dry  and 
fully  saturated  specimens  for  each  soil.  The  U.  S.  Army  Engineer  Waterways 
Experiment  Station  (WES)  was  requested  by  AFOSR  to  assemble  data  on  two  sands 
from  their  files  and  to  supplement  the  existing  data  with  additional  labora¬ 
tory  tests.  The  first  task  consisted  of  assembling  the  available  data  on  dry 
Reid-Bedford  Model  (RB)  sand  and  back-pressure  saturated  MISERS  BLUFF  (MB) 
sand  and  replotting  them  to  common  scales  in  convenient  formats  for  con¬ 
stitutive  property  analyses.  The  second  and  third  tasks  consist  of  conduct¬ 
ing  additional  tests  to  define  the  response  of  dry  MB  sand  and  saturated  RB 
sand,  respectively. 

RB  sand  is  a  clean,  fine-grained  sand  obtained  from  Campbell  Swamp 
along  the  Big  Black  River  in  Warren  County,  Mississippi.  Air-dried  specimens 
of  this  sand  have  been  remolded  to  a  dry  density  of  1.65  g/cc  and  tested  in  a 
variety  of  projects  since  FY  72.  It  has  been  used  by  the  Geomechanics 
Division  (GD)  at  WES  as  a  control  sand  to  evaluate  new  laboratory  test 
devices. 

MB  sand  is  a  medium-  to  coarse-grained  sand  which  was  sampled  by 
WES  during  the  preshot  geotechnical  investigation  to  support  the  MISERS 
BLUFF  II  test  event  at  Planet  Ranch,  Arizona.  The  sand  was  obtained  from  a 
9-meter-deep  accessible  shaft.  The  gravel-sized  particles  were  removed  by 
screening  and  the  remaining  material  was  air-dried;  laboratory  tests  were 
conducted  on  back-pressure  saturated  specimens  initially  remolded  at  a  dry 
density  of  1.72  g/cc  to  support  a  study  into  the  effects  of  high  effective 
stresses  on  the  shear  strength  behavior  of  sands.  The  work  was  performed  for 
the  Defense  Nuclear  Agency  in  FY  80  and  FY  81. 
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PURPOSE  AND  SCOPE. 


The  purpose  of  this  report  is  to  document  the  available  results  of 
laboratory  tests  conducted  on  dry  RB  sand  remolded  to  a  density  of  1.65  g/cc 
and  saturated  MB  sand  remolded  to  a  density  of  1.72  g/cc.  The  results  of 
laboratory  classification  tests  are  presented  as  well  as  the  results  of 
mechanical  property  tests  conducted  on  remolded  specimens. 

CLASSIFICATION  AND  INDEX  TESTS. 

Samples  of  each  sand  were  tested  to  determine  grain  size  distribu¬ 
tion,  Atterberg  limits,  and  specific  gravity  (Reference  1).  This  information 
was  used  to  classify  each  sand  according  to  the  Unified  Soil  Classification 
System  (Reference  2);  both  classify  as  SP.  Results  of  specific  gravity  Gg 
tests  on  the  sands  indicate  a  specific  gravity  of  2.65  for  the  RB  sand  and 
2.69  for  the  MB  sand.  The  Atterberg  limit  tests  indicated  that  both  sands 
are  nonplastic.  The  results  of  the  grain  size  distribution  tests  are  shown 
for  the  RB  sand  and  the  MB  sand  in  Figures  1  and  2,  respectively. 

COMPOSITION  PROPERTY  TESTS. 

Prior  to  performing  each  mechanical  property  test,  measurements 

were  made  of  the  height,  diameter,  and  weight  of  the  remolded  specimen.  With 

these  measurements  and  the  specific  gravity  of  the  sand,  wet  density  y  ,  dry 

density  y^  ,  degree  of  saturation  S  (percent  of  void  volume  filled  with 

water),  percent  volume  of  air  V  ,  and  void  ratio  (void  volume  to  solid 

a 

volume)  can  be  calculated.  For  specimens  that  were  not  saturated,  posttest 
water  content  measurements  were  made  on  the  specimen.  For  back-pressure 
saturated  specimens,  the  water  content  was  calculated  based  on  the  measured 
density,  the  specific  gravity,  and  the  assumption  that  the  specimen  was  fully 
saturated.*  These  data  are  given  for  each  test  in  Tables  1  through  4. 

MECHANICAL  PROPERTY  TESTS. 

The  following  types  of  mechanical  property  tests  were  conducted  on 
the  sands  in  this  study: 


*  Full  saturation  was  assured  by  monitoring  the  B-factor  (Reference  3) 

during  the  back-pressure  saturation  process  until  a  value  of  at  least  0.95 
was  achieved. 
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a.  The  isotropic  compression  (IC)  test  subjects  a  cylindrically 
shaped  specimen  to  an  equal  all-around  confining  pressure  while 
measurements  of  the  specimen's  height  and  diameter  changes  are 
made.  The  data  are  normally  plotted  as  pressure  versus 
volumetric  strain,  the  slope  of  which  is  the  bulk  modulus  K  . 

b.  The  triaxial  shear  (TX)  test  is  conducted  after  a  desired 
confining  pressure  is  applied  during  the  IC  test.  While  the 
confining  pressure  is  held  constant,  axial  load  is  increased 
and  measurements  of  the  specimen's  height  and  diameter  changes 
are  made.  The  data  can  be  plotted  as  principal  stress  differ¬ 
ence  versus  axial  strain,  the  slope  of  which  is  Young's  modulus 
E  ,  or  as  principal  stress  difference  versus  principal  strain 
difference,  the  slope  of  which  is  twice  the  shear  modulus  G  . 
The  maximum  principal  stress  difference  the  specimen  can 
support  or  the  principal  stress  difference  at  15  percent  axial 
strain  (whichever  occurs  first)  is  defined  as  failure  and 
describes  one  point  on  a  failure  surface.  The  failure  surface 
is  depicted  as  a  plot  of  principal  stress  difference  versus 
mean  normal  stress. 

c.  Three  types  of  uniaxial  strain  (UX)  tests  were  conducted: 

(1)  The  first  (designated  UX)  is  conducted  by  applying  an  axial 
(vertical)  pressure  to  a  wafer-shaped  specimen  that  is  physi¬ 
cally  constrained  from  deflecting  radially.  Measurements  are 
made  of  the  applied  axial  stress  and  the  specimen's  height 
change.  The  data  are  plotted  as  axial  (vertical)  stress  versus 
axial  (vertical)  strain,  the  slope  of  which  is  the  constrained 
modulus  M  . 

(2)  The  second  type  of  UX  test  (designated  UX/Kq)  is  conducted  by 
applying  radial  pressure  to  a  cylindrically  shaped  specimen 
until  a  slight  inward  movement  of  the  diameter  is  detected. 
Axial  load  is  then  applied  until  the  specimen  returns  to  its 
original  radial  position  (zero  radial  strain).  This  process  is 
repeated  throughout  the  loading  and  unloading.  As  in  the  UX 
test,  the  data  are  plotted  as  axial  stress  versus  axial  strain, 
the  slope  of  which  is  the  constrained  modulus  M  .  When  the 
data  are  plotted  as  principal  stress  difference  versus  mean 
normal  stress,  the  slope  is  2G/K  or,  in  terms  of  Poisson's 
ratio  v  ,  is  3 (l-2v) / (1+v) . 

(3)  The  third  type  of  UX  test  (designated  UX/Null)  is  similar  to 
the  Kq  test  in  that  both  radial  and  vertical  pressures  are 
controlled.  A  wafer-shaped  specimen  is  remolded  into  a  thin- 
walled  steel  cylinder  which  is  strain  gaged  on  the  outside.  As 
vertical  pressure  is  applied,  the  circumferential  strain 
(measured  by  the  strain  gages)  on  the  steel  cylinder  is  kept  at 
zero  by  applying  lateral  pressure  to  the  cylinder.  This 
process  is  continued  throughout  the  test.  The  data  are  plotted 
and  properties  deduced  the  same  as  those  from  the  UX/Kq  test. 
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DRY  REID-BEDFORD  MODEL  SAND  TESTS. 

Selected  tests  on  dry  RB  sand  from  the  GD  files  consisted  of 
results  from  one  static  IC  test,  five  static  IC-TX  tests,  four  static  UX 
tests,  two  static  UX/Kq  tests,  and  one  static  UX/Null  test.  All  tests  were 
performed  on  remolded  specimens  at  a  density  of  approximately  1.65  g/cc  under 
unconsolidated-undrained  conditions.  UX  and  UX/Null  specimens  were  prepared 
by  a  raining  technique,  i.e.,  the  air-dried  RB  sand  fell  through  a  number  of 
screens  placed  at  a  controlled  height  to  form  the  test  specimen.  Trial 
specimens  were  first  prepared  to  select  the  height  of  fall  required  to  obtain 
the  desired  density.  After  a  number  of  specimens  with  identical  densities 
were  obtained,  the  densities  were  thereafter  assumed  to  be  the  same  although 
occasional  checks  were  made.  A  summary  of  the  data  is  presented  in  Table  1. 

During  UX  testing,  measurements  were  made  of  applied  vertical 
stress  and  vertical  deflection  at  the  center  of  the  specimen  as  measured  by  a 
linear  variable  differential  transformer  (LVDT) .  Data  were  recorded  on 
magnetic  tape  and  light  beam  oscillograph  for  processing  into  applicable 
stresses  and  strains.  The  results  of  the  UX  tests  are  presented  as  plots  of 
axial  stress  versus  axial  strain  in  Plates  1  through  4.  The  UX/Null  test  is 
presented  as  a  plot  of  axial  stress  versus  axial  strain  and  a  plot  of 
principal  stress  difference  versus  mean  normal  stress  in  Plate  5. 

The  remaining  tests  were  performed  in  the  WES  high-pressure  triaxial 

test  device.  A  steel  remolding  jacket  containing  a  thin  rubber  membrane  was 

placed  around  the  specimen  base.  A  vacuum  was  applied  through  the  jacket  to 

puli  the  membrane  against  the  sides.  A  measured  weight  of  air-dried  RB  sand 

was  rained  into  the  membrane  through  a  funnel  at  a  controlled  height  to 

obtain  the  desired  density.  All  specimens  for  IC-TX  testing  were  5.4 

centimeters  in  diameter  and  12.7  centimeters  tall.  The  UX/K  and  IC 

o 

specimens  were  5.4  centimeters  in  diameter  and  7.6  centimeters  tall.  The 
membrane  was  attached  to  the  top  cap  and  base  with  rubber  bands.  A  slight 
vacuum  was  applied  to  the  inside  of  the  specimen  to  support  it  until  the 
confining  pressure  was  applied.  The  specimen  was  instrumented  with  two 
vertically  mounted  LVDT’ s  positioned  180  degrees  apart  on  top  of  the  specimen. 
The  radial  measurement  system  for  the  IC-TX  tests  was  a  lateral  deformeter 
which  consisted  of  four  strain-gaged  steel  arms  positioned  equidistant  around 
the  specimen’s  periphery  at  the  center  of  the  specimen.  The  radial  measure¬ 
ment  system  for  the  IC  test  and  the  UX/Kq  tests  was  a  single  lateral  deformeter 
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consisting  of  four  horizontally-mounted  LVDT's  positioned  at  quarter  points 
around  the  specimen.  During  the  conduct  of  the  UX/Kq  te^t,  the  lateral 
deformeter  was  continuously  monitored  to  maintain  the  lateral  deflection  at 
zero.  The  chamber  was  assembled  and  the  desired  test  was  conducted.  All 
data  were  continuously  recorded  with  a  light  beam  oscillograph.  The  data 
were  later  reduced  by  hand  and  processed  by  computer  to  obtain  applicable 
stresses  and  strains. 

The  results  of  the  IC-TX  tests  discussed  above  are  shown  in 
Plates  6  through  10.  These  data  are  plots  of  (a)  mean  normal  stress  versus 
principal  stress  difference,  (b)  mean  normal  stress  versus  volumetric  strain, 
and  (c)  principal  stress  difference  versus  principal  strain  difference  and 
axial  strain.  The  values  of  volumetric  strain  shown  in  plot  (b)  are  calcu¬ 
lated  based  on  the  assumption  that  the  specimen  deforms  as  a  right  circular 
cylinder  during  the  IC  test.  This  calculation,  based  on  the  vertical  and 
lateral  measurements,  is  discussed  in  Reference  4.  Plate  11  shows  the 
failure  data  obtained  from  the  TX  tests  as  plots  of  maximum  principal  stress 
difference  versus  mean  normal  stress. 

Specimen  TH. 1  was  the  only  specimen  tested  in  isotropic  compression 
which  was  not  immediately  followed  by  a  TX  test.  The  results  are  plotted  as 
mean  normal  pressure  versus  volumetric  strain  and  are  shown  in  Plate  12. 

The  results  of  the  UX/K  tests  are  shown  in  Plates  13  and  14  as 

o 

plots  of  (a)  axial  stress  versus  axial  strain  and  (b)  principal  stress 
difference  versus  mean  normal  stress. 

SATURATED  MISERS  BLUFF  SAND  TESTS. 

The  tests  on  saturated  MB  sand  consisted  of  8  static  undrained  UX 

tests,  3  static  drained  UX  tests,  6  dynamic  drained  UX  tests,  23  consolidated- 

undrained  IC-TX  tests,  11  static  consolidated-drained  IC-TX  tests,  6  static 

consol idated-undrained  UX/K  tests,  and  4  consolidated-drained  UX/K  tests. 

o  o 

All  IC-TX  tests  and  undrained  UX/Kq  tests  were  performed  at  one  of  three 
effective  stresses:  0.15  MPa,  1.75  MPa,  or  3.5  MPa.  Each  specimen  was  back¬ 
pressure  saturated  prior  to  application  of  the  effective  stress.  A  summary 
of  the  data  is  given  in  Tables  2,  3,  and  4. 

To  prepare  the  UX  test  specimens,  a  known  weight  of  air-dried  soil 
was  measured  in  order  to  obtain  a  desired  air-dried  density  of  1.72  g/cc. 

The  soil  was  then  "spooned”  directly  into  the  specimen  chamber  which  was 


filled  three-fourths  of  the  way  to  the  top  with  tap  water.  As  the  sand  was 
placed  into  the  chamber,  the  water  was  displaced  and  the  resulting  specimen 
was  almost  saturated.  After  assembling  the  test  device,  the  specimen  was 
saturated  by  concurrently  applying  both  axial  stress  and  back  pressure.  Once 
the  specimen  was  saturated,  a  static  effective  axial  stress  was  applied  with 
the  drainage  line  open  but  with  the  back  pressure  applied.  The  drainage  line 
was  then  closed  for  an  undrained  test  or  left  open  for  a  drained  test.  Axial 
stress  was  increased  either  statically  or  dynamically  to  the  desired  pressure 
as  measurements  were  made  of  axial  stress  and  axial  deflection.  During  an 
undrained  test,  measurements  were  also  made  of  pore  pressures  by  measuring 
the  pressure  through  the  hypodermic  needle  which  extended  into  the  specimen. 
Dynamic  tests  were  only  performed  under  undrained  conditions.  Measurements 
were  stored  on  both  magnetic  tape  and  light  beam  oscillogram.  These  data 
were  processed  and  plotted  as  axial  (vertical)  stress  versus  axial  (vertical) 
strain  and  are  shown  in  Plates  15  through  31  and  summarized  in  Table  2.  The 
dynamic  tests  are  shown  with  a  static  portion  and  a  dynamic  portion.  The 
static  portion  includes  the  back-pressure  saturation  phase  and  application  of 
the  initial  effective  stress;  the  dynamic  portion  is  the  remainder  of  the 
test. 

The  preparation  of  specimens  for  IC-TX  tests  and  UX/Kq  tests  was 
similar  to  that  used  to  prepare  the  RB  sand  specimens.  A  known  weight  of 
air-dried  MB  sand  was  measured  and  "spooned”  into  the  remolding  jacket  and 
membrane  to  achieve  the  target  density.  All  specimens  were  prepared  at  a 
diameter  of  5.1  centimeters  and  a  height  of  11.4  centimeters.  Prior  to 
placing  the  top  cap,  the  specimen  was  "flooded"  with  de-aired  water  from  the 
base  until  water  was  visible  at  the  top.  A  slight  vacuum  was  applied  to  the 
specimen  while  the  top  cap  was  placed  and  the  membrane  was  secured  to  the  top 
cap  and  base.  The  measurement  system  for  the  MB  IC-TX  tests  was  the  same  as 
that  previously  described  for  the  RB  IC-TX  and  UX/Kq  tests. 

After  the  specimen  and  its  instrumentation  were  placed,  the  test 
device  was  assembled  and  the  specimen  was  then  back-pressure  saturated  and 
one  of  three  effective  stresses  (0.15,  1.75,  or  3.5  MPa)  was  applied  to  the 
specimen  with  the  drainage  line  open.  If  the  specimen  was  to  be  tested  in  a 
drained  condition,  the  TX  test  was  performed  immediately  after  the  applica¬ 
tion  of  the  effective  stress.  If  an  undrained  test  was  desired,  the  drainage 
line  was  closed  and  an  additional  confining  pressure  or  live  IC  loading  was 


applied  to  the  specimen.  Axial  load  was  then  applied  to  the  specimen  until 
failure  occurred,  with  failure  being  defined  as  the  point  at  which  there  was 
a  definite  decrease  in  the  applied  axial  load  or  when  the  specimen  exhibited 
15  percent  axial  strain  during  shear,  whichever  occurred  first.  During  the 
test,  measurements  were  made  of  axial  load,  confining  pressure,  movement  of 
the  piston,  and  internal  measurements  of  axial  and  radial  deflection  of  the 
specimen.  During  the  undrained  tests,  pore  pressure  measurements  were  made 
in  addition  to  those  mentioned  above.  Data  were  recorded  by  a  Hewlett 
Packard  3052A  Data  Acquisition  System  (HP3052A)  which  samples  the  data 
channels  at  designated  intervals  and  records  the  data  on  a  minicassette  tape. 
The  data  are  subsequently  processed  and  plotted.  A  data  summary  for  the 
IC-TX  tests  is  given  in  Table  3.  Multiple  plots  are  shown  for  the  drained 
and  undrained  IC-TX  tests  in  Plates  32  through  42  and  43  through  65,  respec¬ 
tively  and  contain  (a)  total  mean  normal  stress  versus  volumetric  strain,  (b) 
principal  stress  difference  versus  total  mean  normal  stress,  (c)  principal 
stress  difference  versus  principal  strain  difference  and  axial  strain,  (d) 
principal  stress  difference  versus  effective  mean  normal  stress,  and  (e)  pore 
pressure  versus  axial  strain.  Volumetric  strain  was  calculated  as  outlined 
in  Reference  4  using  the  deformed  shape  assumption  of  a  right  circular 
cylinder  and  the  internal  vertical  and  lateral  deformation  measurements. 

The  UX/Kq  specimens  were  prepared  identically  to  those  prepared  for 
the  IC-TX  tests.  Each  specimen  was  back-pressure  saturated  and  one  of  the 
three  effective  stresses  was  applied  with  the  drainage  line  open.  If  the 
test  was  to  be  performed  drained,  the  diameter  of  the  specimen  at  the  end  of 
application  of  effective  stress  was  assumed  to  be  the  zero  or  "null"  position. 
As  axial  load  was  applied,  the  radial  deflection  was  constantly  monitored  and 
corrected  by  changing  the  confining  stress  until  the  radial  change  was  zero. 
This  process  was  repeated  throughout  the  test.  Measurements  were  made  of 
vertical  deflection,  applied  axial  load,  and  confining  stress.  If  the 
specimen  was  to  be  tested  in  an  undrained  condition,  the  drainage  line  was 
closed  prior  to  application  of  the  axial  load.  Pore  pressure  measurements 
were  made  during  undrained  tests.  Data  were  recorded  on  the  HP3052A  as 
described  during  discussion  of  the  IC-TX  tests.  The  results  of  the  drained 
and  undrained  UX/K^  tests  are  shown  in  Plates  66  through  69  and  Plates  70 
through  75,  respectively,  as  plots  of  (a)  total  mean  normal  stress  versus 
volumetric  strain,  (b)  principal  stress  difference  versus  mean  normal  stress, 
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(c)  total  axial  stress  versus  axial  strain,  (d)  principal  stress  difference 
versus  effective  mean  normal  stress,  and  (e)  pore  pressure  versus  axial 
strain.  All  plots  represent  the  states  of  stress  through  the  entire  back¬ 
pressure  saturation,  application  of  effective  stress,  and  UX/Kq  loading.  The 

results  of  the  UX/K  tests  are  summarized  in  Table  4. 
o 

Plate  76  shows  a  plot  of  the  failure  data  from  the  IC-TX  tests. 
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Sunary  of  acetic  triaxlal  coaprasslon  cases  on  Misars  Bluff  sand 


Principal  Stress 


Place 

No. 

Test  No. 

Air-Dried 

Density 

U  t/cc 

Water 
Concent 
w.  X 

Specific 

Crevicy 

C. 

Degree  of 
Saturac ion 
S.  t 

Void 

Katlo 

Effective 

Screes 

MPa 

Live 

1C 

Loading 

MPa 

Difference  at 
failure 

(0.  *  Vt 

l*a 

Effective  Heen 
Homl  Stress 
at  Failure 

Pfl  MPa 

Axial  Strain 
During  TX 
at  Failure 

t  .  : 
z 

DRAINED  IC-TX  TESTS 

32 

MXLD1 

1.738 

20.0 

2.69 

100. 0 

0.54 

0.15 

— 

0.47 

0.32 

2.7 

33 

MXL02 

1.722 

20.5 

2.69 

100. 0 

0.55 

0.13 

— 

0.52 

0.37 

6.3 

34 

DNA21 

1.709 

20.0 

2.69 

100.0 

0.54 

0.12 

— 

1.03 

0.53 

9.8 

35 

DNA22 

1.  707 

20.0 

2.69 

100.0 

0.53 

0.17 

— 

L.  10 

0.  53 

6.8 

36 

DNA27 

I.  719 

19.6 

2.69 

100.0 

0.  52 

0.14 

— 

1.10 

0.53 

4.0 

37 

DNA3 

L.  743 

19.4 

2.69 

100. 0 

0.52 

1.75 

4.70 

3.2S 

11.2 

38 

MXLD.4 

1.722 

20.5 

2.69 

100. 0 

0.55 

1.74 

— 

4.46 

3.22 

15.0 

39 

DftAll 

1.712 

20.4 

2.69 

100.0 

0.  54 

3.52 

— 

8.59 

6.38 

15.0 

40 

DNA12 

1.725 

19.6 

2.69 

100.0 

0.52 

3.50 

— 

8.60 

6.36 

15.0 

41 

KXLD.  7 

1.714 

20.7 

2.69 

100.0 

0.56 

3.44 

— 

8.25 

6.24 

15.0 

42 

MXLD. 7 A 

1.730 

20.3 

2.69 

100.0 

0.54 

3.48 

--- 

7.98 

6.17 

15.0 

WfWUlMD  IC-TX  TESTS 

4] 

M88A 

1.738 

20.2 

2.69 

100.0 

0.54 

0.  09 

0.0 

1.16 

0.89 

15.0 

44 

HB9 

1.711 

21.0 

2.69 

100.0 

0.57 

0.07 

3.45 

1.13 

0.69 

15.0 

45 

HB1Q 

1.719 

20.7 

2.69 

100.0 

0.56 

0.01 

2.07 

1.28 

0.83 

15.0 

46 

MB10A 

1.735 

20.1 

2.69 

100.0 

0.54 

0.  14 

2.07 

1.05 

0.81 

15.0 

47 

MB10B 

1.740 

19.9 

2.69 

100.0 

0.53 

0.  14 

2.07 

i.ll 

0.84 

15.0 

48 

DNA19 

1.  738 

19.2 

2.69 

100.0 

0.51 

0.08 

0.0 

1.49 

0.88 

15.0 

49 

DNA20 

1.716 

19.7 

2.69 

100. 0 

0.53 

0.09 

3.45 

1.28 

0.73 

14.2 

50 

DNA1 

1.756 

18.9 

2.69 

100. 0 

0.51 

1.65 

3.45 

2.76 

1.60 

13.8 

51 

DNA2 

1.778 

18.3 

2.69 

100.0 

0.49 

1.83 

3.45 

2.73 

1.85 

12.9 

52 

0NA6 

1.693 

20.  7 

2.69 

100.0 

0.55 

1.86 

3.45 

1.83 

1.  34 

12.0 

53 

RV1A 

1.720 

20.6 

2.69 

100. 0 

0.55 

1.93 

1. 72 

L .  86 

1.37 

14.2 

54 

RV38 

1.  719 

20.7 

2.69 

100.0 

0.56 

1.69 

1.  72 

1.86 

1.  30 

11.1 

55 

MB3A 

1.717 

20.6 

2.69 

100.0 

0.55 

1.78 

6.90 

1.81 

1.28 

12.  3 

56 

HB4A 

1.720 

20.6 

2.69 

100.0 

0.55 

1.  76 

0.0 

1.83 

1.32 

11.6 

57 

MB5A 

1.722 

20.5 

2.69 

100.0 

0.55 

1.77 

3.45 

1.77 

1.28 

12.8 

58 

MB6A 

1.688 

21.6 

2.69 

100. 0 

0.58 

1.84 

0.0 

1.66 

1.21 

10.  7 

59 

MBL3 

1.714 

20.7 

2.69 

100. 0 

0.56 

3.46 

0.0 

2.21 

1.55 

11.3 

60 

MB  14 

1.716 

20.6 

2.69 

100.  0 

0.55 

3.44 

3.45 

2.24 

1.61 

9.8 

6  1 

0NA4 

1.733 

19.4 

2.69 

100.0 

0.52 

3.47 

0.0 

3.00 

1.94 

10.  1 

62 

DNA7 

1.706 

20.3 

2.69 

100. 0 

0.54 

3.46 

0.0 

2.92 

1.90 

10.  3 

63 

0NA8 

1.695 

20.6 

2.69 

100.0 

0.55 

3.  32 

0.J 

2.63 

1.  78 

9.  9 

64 

DNA9 

1.716 

20.  3 

2.69 

100. 0 

0.54 

3.70 

3.45 

2.74 

1.87 

12.  3 

65 

DNAIO 

1.738 

19.3 

2.69 

100.0 

0.52 

3.66 

6.90 

2.87 

1.90 

9,  2 
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Table  4.  Summary  of  static  uniaxial  strain/K  tests  on  Misers  Bluff  sand 
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Figure  1.  Gradation  of  Reid-Bedford  Model  sand 
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Cffaottva  MEAN  NORMAL  STRESS,  MPa  AXIAL  STRAIN,  PCT 


PLATE  3J 


STRESS  DIFFERENCE,  HP.  PRINCIPAL  STRESS  DIFFERENCE,  NP.  HERN  NORMS.  STRESS, 


t  s.e 


e.e  e.s  i.s  1.9  2. a  2.9  3. a 

VOLUCTRIC  STRAIN,  PCT 


MB  SAND  TEST  DNfl  2 1 

Dene  tty  ee  reeoldedi  1.709  gesee 

COMPOSITION  PROPERTIES  RT  END  OF  BPS 

Net  dtAtityi  2.099  g«/ee 

Heter  eontenti  20.0  pet 
Dry  dene I ty t  1.739  Qm/cc 

Void  ret lot  0.94 

PRESSURES  RT  END  OF  BPS,  MPe 
Confining  preeeuret  3.02 

Pore  preeeuret  3.03 


i  I*2 


0.0  1.0  2.0  3.0  4.0  9.0  9.0 

MEAN  NORMAL  STRESS,  MPe 


C  0.8 


8  Tl 

m  ;  J 

t  0.4  i  k 


\u 


0.0  3.0  10.0  19.0  20.0  29.0  30.0 
AXIRL  STRAIN  STRAIN  DIFFERENCE 


STRAIN,  PCT 


0.0  0.1  0.2  0.3  0.4  0.9  0.0 

Ef feet l ve  MEAN  NORMAL  STRESS*  MPe 


0.0  5.0  10.0  19.0  20.0  29.0  30.0 
AXIAL  STRAIN,  PCT 


PLATE  34 


PRINCIPAL  STRESS  DIFFERENCE,  MPa  PRINCIPAL  STRESS  DIFFERENCE.  MPa  MEAN  NORMAL  STRESS 


VOLUMETRIC  STRAIN.  PCT 


MB  SAND  TEST  DNfl  22 

Density  ee  refolded!  1.707  ga/ee 

COMPOSITION  PROPERTIES  RT  END  OF 
Net  density i  2.000  g«/oe 
Niter  content!  20.0  pet 
Ory  density!  1.740  ga/eo 
Void  ret  lot  0.53 

PRESSURES  RT  END  OF  BPS.  MPe 
Confining  pressure!  3.16 
Pore  pressure!  3.04 


MEAN  NORMAL  STRESS.  MPe 


AXIAL  STRAIN  STRAIN  DIFFERENCE 


STRAIN,  PCT 


Effective  MEAN  NORMAL  STRESS,  MPe 


6.0 


.  90 

I 


u 

2 


4.0 

3.0 

2.0 


1.0 


0.0  I - 1 - 1 - 1 - 1 - 1 - 1 

0.0  5.0  10.0  15.0  20.0  25.0  30.0 
AXIAL  STRAIN,  PCT 


PLATE  35 


PLATE  36 


I 


12.0 


VOLUMETRIC  STRAIN,  PCT 


MB  SAND  TEST  DNfl  3 

0»«fUy  ••  rtaeltfttft  1.749  gmsoo 

COMPOSITION  PROPERTIES  RT  END  OF  BPS 

M#t  d«n«l tyi  2. 099  ga/oo 

Hit«f  eontiAti  19.4  pot 
Dry  dmnmftyt  1,790  gm/oo 

Void  r«tlp«  0,92 

PRESSURES  AT  END  OF  BPS,  MPt 

Conffntog  protourot  9,10 

Poro  prootyroi  9.01 


STRAIN,  PCT 


PLATE  37 


PRINCIPAL  STRESS  DIFFERENCE,  HP*  PRINCIPflL  STRESS  DIFF 


VOLUMETRIC  STRAIN.  PCT 


MB  SANO  TEST  DNfl  1  1 

Donolty  ao  roooldodi  1*712  gm/oo 

COMPOSITION  PROPERTIES  RT  END  OF  BPS 

Mot  dtntttyi  2.011  g«/eo 

Hittr  eoMirtit  20*4  pot 
Dry  donoltyi  1.728  ga/oo 

Void  rot lot  0*94 

PRESSURES  RT  END  OF  BPS.  MPa 

Confining  prooouroi  3*19 

Poro  prooouroi  3.09 


STRAIN,  PCT 


Cffoot  1  vo  MEAN  NORMAL  STRESS.  MPa 

PLATE  39 


6.0 


l 

l 


I 


5.0  - 
4.0  - 

3.0  -  J,rr  - 

2.0  - 
1.0  - 

0.0  - - 1 - 1 - 1 - 1 - 1 

0.0  9.0  10.0  19.0  20.0  29.0  30.0 

AXIAL  STRAIN.  PCT 


VOLUTCTHIC  STRAIN,  PCX 


MB  SAND  TEST  DNfl  12 

OtftiHy  it  riMldfdi  1.783  g«/oo 


COMPOSITION  PROPERTIES  AT  END  OF  BPS 


Mit  4«ri«lty» 
Hator  oonttnti 
Dry  tfeneltyi 
Vo 4 o  ratio* 


2.998  ga/eo 
19.6  pet 
1.798  gesoe 
0.32 


PRESSURES  AT  END  OF  BPS,  HP* 

Confining  preeeuroi  3.19 

Pone  preoeuroi  3.04 


STRAIN,  PCT 


* 


PLATE  40 


VOLUMETRIC  STRAIN,  PCT 


MB  SAND  TEST  MXLD  7 

Deneity  ••  rra otdedi  1.714  ge/oo 


COMPOSITION  PROPERTIES  AT  END  OF  BPS 

Hit  denei tys  2 .003  go^oe 

H»t#f  oontenti  20.7  pet 
Dry  dene lty«  1.720  gm/'ec 

Void  retiot  0.30 


PRESSURES  AT  END  OF  BPS,  HP* 
Confining  preeeures  3.18 

Pore  preeeuret  3.03 


0 


MEAN  NORMAL  STRESS,  MP» 


STRAIN,  PCT 


AXIAL  STRAIN,  PCT 


PLATE  41 


PRINCIPAL  STRESS  DIFFERENCE,  HP*  PRINCIPAL  STRESS  DIFFERENCE,  HP*  NEW  NORMAL  STRESS 


PRINCIPAL  STRESS  DIFFERENCE,  NPa  PRINCIPAL  STRESS  DIFFERENCE,  HP»  MEAN  NORMAL  STRESS 


12.0 


!  gm/cc 


voupctric  STRAIN,  PCT 

3.0  p 

2.5  - 

2.0  - 

1.5  - 


MB  SAND  TEST  MB  9 

Donelty  ••  FtMldadt  1.71 

COMPOSITION  PROPERTIES  AT  END  OF  BPS 

Hat  danaUyi  2.079  g«/ee 

Hataf  ooAtaati  21.0  pet 
Dry  donoityt  1.718  gm/oc 

Void  rotloi  0.57 

PRESSURES  RT  END  OF  BPS,  MPo 

Confining  proaaurtt  2.45 

Poro  prooourot  2.43 


STRAIN,  PCT 


12.0  p 

^  10.0  I- 

% 

.  ».e  |- 


VI 

£ 


S.0 

4.0 

2.0 


0.0 


0.0  5.0  10.0  15.0  20.0  25.0  30.0 
AXIAL  STRAIN,  PCT 


PLATE  44 


ITRCSS  DIFFERENCE 


MB  SANO  TEST  MB  10B 

Density  as  reoelded*  1.740  go/oe 

COMPOSITION  PROPERTIES  AT  END  OP  BPS 

Met  density*  2.101  |«/ce 

Hater  content*  IS. 8  get 
Dry  density*  2.733  fa/oo 

Void  ratio*  0.33 

PRESSURES  AT  END  OF  BPS,  MPa 

Confining  pressure*  2.74 

Pore  pressure*  2.81 


PRINCIPAL  STRESS  DIFFERENCE,  HP* 


VOLUMETRIC  STRAIN,  PCT 


MOM  NORMAL  STRESS.  CM* 


MB  SAND  TEST  DNR  19 

DonoUy  ••  roooldodi  1.739  (<^oo 

COMPOSITION  PROPERTIES  RT  END  OT  BPS 
Mot  donolty*  2.104  0m/ qo 

Hitor  oonUAti  19.2  pot 
Dry  don* Kyi  1*799  gm/oo 

Void  rattoi  0*91 

PRESSURES  RT  END  OT  BPS,  MPa 
Confining  pnooouroi  9*19 

Pop#  prooourot  3*03 


STRAIN,  PCT 


PLATE  48 


PLATE  52 


PRINCIPAL  STRESS  DIFFERENCE,  MPa  PRINCIPAL  STRESS  DIFFERENCE,  MPa  HERN  NORMAL  STRESS 


PLATE  53 


PLATE  54 


PLATE  55 


0.0  1.0  2.0  3.0  4.0  3.0  6.0 

VOLUMETRIC  STRAIN,  PCT 


MB  SAND  TEST  MB  5fl 

D«n«1ty  m  r«w1d«4t  1.722  g«/oo 

COMPOSITION  PROPERTIES  HT  END  OF  BPS 
Net  dtntityi  2.069  g*/ee 

Httif  oententa  20.3  pet 
Dry  density a  1.734  go/eo 

Void  rotloi  0.33 

PRESSURES  RT  END  OF  BPS,  MPe 
Confining  pressures  2.77 

Pore  prooouroi  2.60 


INCIPAL  STRESS  DIFFERENCE,  HP*  PRINCIPAL  STRESS  DIFFERENCE,  MPa  HERN  NORMAL  STRESS 


6.0 


rJ  vftj 


PLATE  58 


12.0  p 

t»0.0  - 

i-L 

5-4 


|  2.0  I- 


MB  SAND  TEST  MB  1 3 

Dtntity  ••  r«ao1d«di  1.714  g^Qe 

COMPOSITION  PROPERTIES  RT  END  OF  BPS 
Met  d*n«1tyi  2.  M3  qm/ec 

Hat or  content!  20.7  pet 
Dry  dimttyt  1.726  gmscc 

Void  ratioi  0.36 

PRESSURES  RT  END  OF  BPS,  MPa 
.  Confining  praaaurai  2.23 

Pore  praaaurai  3.09 


0.0  1.0  2.0  3.0  4.0  3.0  6.0 

VOLUMETRIC  STRAIN,  PCT 


1  3.0  - 

y  - 

2 

0 1 

2  2.0  - 

Ik 


u 

s 

&  «•«  - 
&  0.S  - 

H 

y 

S  0.0* — * — » — i-i — ' - 1- — l 

*■  0.0  2.0  4.0  8.0  8.0  10.0  12.8 

MOM  NORMAL  STRESS,  MP. 


'•*h 


0.0  5.0  10.0  15.0  20.0  25.0  30.0 


RXIPL  strain  STRAIN  DIFfERCNCC 


STRAIN,  PCT 


i  3. Bp 
u 

u  2.3  (- 

£ 

£  2.0  - 

!4 

g  L 

£  1.0*- 


0.0  1.0  2.0  3.0  4.0  3.0  6.0 

Effect t vo  MEAN  NORMAL  STRESS,  MPa 


10.0 

t 

.  6.0 


0.0  3.0  1B.0  13.0  20.0  25.3  30.0 
AXIAL  STRAIN,  PCT 


PLATE  59 


PRINCIPAL  STRESS  DIFFERENCE,  MPa  PRINCIPAL  STRESS  DIFFERENCE,  MPa  MEflN  NORMAL  STRESS 


12.0 


r 


VOLUHCTRIC  STRMN,  PCT 


Effective  HERN  NORHPL  STRESS,  HP* 


Otntlty  ••  r«aold«dt  1.716  ga/'oo 

COMPOSITION  PROPERTIES  RT  END  Of  BP 

Met  density!  2.007  gm/co 

Meter  eontontt  20.6  pet 
Dry  density i  1.731  gm/'oe 

Void  ret  lot  0.53 

PRESSURES  PT  END  OF*  BPS,  MPe 
Confining  prooouroi  2.77 

Pore  prooouroi  2.SS 


m 


STRPIN,  PCT 


PLATE  60 


PRINCIPAL  STRESS  DIFFERENCE,  HP*  PRXNCIPRL  STRESS  DIFFERENCE 


VOLUMETRIC  STRAIN,  PCT 


MB  SAND  TEST  DNR  7 

Donoity  «•  pfMldtdi  (.791  gmsoo 

COMPOSITION  PROPERTIES  RT  END  OF  BPS 
Hot  d«o«ttyt  2,012  qm/oo 

Motor  oont#nit  20J  pot 
Dry  dooottyi  1*730  qm/oo 

Void  fitttfi  0.34 

PRESSURES  RT  END  OF  BPS,  MP* 

Conflwfftg  prMtVNi  3*14 

Poro  prooourot  3.0B 


MEAN  NORMAL  STRESS,  MPa 


STRAIN,  PCT 


Cffoetl v*  HERN  NORMAL  STRESS.  MP%  AXIAL  STRAIN,  PCT 


PLATE  62 


PLATE  63 


PRINCIPAL  STRESS  DIFFERENCE,  HP.  PRINCIPAL  STRESS  DIFFERENCE.  HP.  HERN  NORHRL  STRESS 


12.0 


ft] 


'll 


VOLUMETRIC  STRAIN,  PCT 


Dene  tty  ee  reeoldedt  1.716  ge/’eo 

COMPOSITION  PROPERTIES  AT  END  OF  BPS  , 

Met  dene tty i  2.084  gm/ee 
Hit«r  eontMti  20.3  pet  i 

Dry  dene tty i  1.733  ge/eo 

Void  rettot  0.54  ■ 

PRESSURES  RT  END  OF  BPS,  HP*  . 

Confining  preeeuret  3.26  j 

Pore  preeeurei  3.03  | 


HERN  NORMAL  STRESS,  MPe 


flXIPL  STRAIN  STRAIN  DIFFERENCE 


STRRIN,  PCT 


\ 


Eff.ottv.  HERN  NORHRL  STRESS,  HP.  RX1RL  STRAIN,  PCT 


f 

k 


PLATE  64 


24.0 


VOLUMETRIC  STRAIN,  PCT 


MB  SAND  TEST  DNfl  10 

Donelty  to  ro^oldodi  1.730  g*/cc 

COMPOSITION  PROPERTIES  fiT  END  OF 
Wot  density t  2.102  gm/o c 

Httor  content t  19.3  pet 
Dry  donoltyi  1.762  gm/oo 

Void  rttioi  0.92 

PRESSURES  RT  END  OF  BPS,  MPa 
Confining  pressures  3.17 

Poro  proeeuret  3.00 


MEAN  NORMAL  STRESS,  HP* 


STRAIN,  PCT 


PLATE  65 


MISERS  BLUFF  SANO 


STATIC  UX/KQ  TESTS 


PRINCIPAL  STRESS  DIFFERENCE,  HP*  PRINCIPflL  STRESS  DIFFERENCE,  HP*  HERN  NORMS.  STRESS 


u 


VOLUMETRIC  STRAIN,  PCT 


MB  SAND  TEST  DNfl  2G 

tensity  ee  resoldedi  1.698  qm/oo 

COMPOSITION  PROPERTIES  RT  END  OF 

Met  density i  2.876  qm/ao 

Hstsp  contents  20.7  pet 
Dry  dsnsftys  1.720  qm/Qo 

Void  retlos  0.95 

PRESSURES  RT  END  OF  BPS,  MP» 

Confining  pressures  9.19 

Pore  pressures  3.03 


MEAN  NORMAL  STRESS,  MPe 


Effective  MEAN  NORMAL  STRESS,  MPe 


PLATE  67 


AD-A171  497 


UNCLASSIFIED 


•CROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  of  STANDARDS- 1963- A 


VOLUMETRIC  STRAIN,  PCT 


MB  SAND  TEST  DNR  17 

Donolty  ••  roaoldodi  1*730  g«/ee 

COMPOSITION  PROPERTIES  AT  END  OF  BPS 

Htt  dtAfltyi  2*097  g*/eo 

N otor  content «  19*6  pot 

Dry  donoltys  1*794  g«/oo 

Void  rotloi  0*92 

PRESSURES  RT  END  OF  BPS,  MPo 

Confining  prooouroi  3*11 

Poeo  prooounot  2*99 


AXIAL  STRAIN,  PCT 


AXIAL  STRAIN,  PCT 


PLATE  68 


PRINCIPAL  STRESS  DIFFERENCE,  MPa  PRINCIPAL  STRESS  DIFFERENCE,  HP*  HERN  NORMAL  STRESS, 


VOLUMETRIC  STRAIN,  PCT 


MB  SAND  TEST  DNfl  23 

Denefty  M  U9H  ga/’oo 

COMPOSITION  PROPERTIES  RT  END  OF  BPS 

Mi  density i  2.870  gn/oo 

Hittf  eonttnii  20,9  pet 
Dry  deneityi  1*724  g»/eo 

Void  rotiot  0*59 

PRESSURES  RT  END  OF  BPS,  MPm 

Confining  preeeurei  3*17 

Pof«  preeeuroi  3*03 


HERN  NORMAL  STRESS,  MPo  AXIAL  STRAIN,  PCT 


Cffoetl vo  MEAN  NORMAL  STRESS,  MPo  AXIAL  STRAIN,  PCT 


PLATE  70 


t 

2 

S  0.0 

£  0.0  20.0  20.0  00.0  40.0  90.0  00.0 

rCRN  NORMAL  STRESS,  MPi 


0.0  0.2  0.4  0.6  0.0  1.0  2.2 

RXIRL  STRAIN,  PCT 


£  0.6 


w  0.4 
I* 

H 

o 


I 


t  a.a  a.i  a.t  a.i 

Cft Mtlv.  MOM  NOR 

HAL  0T0C00,  HA« 

a.a  a.i  a.4  a.a  a.a  t.a  i.i 
ftxxn.  araaiw,  act 

PLATE  71 

MIHCim. 


s.s  ta.a  20.0  le.e  ia.a  sa.a  ta.a 

MEAN  NORM!  STRESS,  MPa 


0.0  0.2  0.4  0.6  0.8  1.0  1.2 

AXIAL  STRAIN,  PCT 


0.0  0.S  1.0  l.S  2.0  2.3  3.0 


1.0 


CffMttv*  MEAN  NORMAL  STRESS,  MPa 


AXIAL  STRAIN,  PCT 


PLATE  73 


STRESS  DIFFERENCE,  MPa  PRINCIPAL  STRESS  DIFFERENCE 


60. e 


$90.0 


0.0  1.0  2.0  3.0  4.0  9.0  6.0 

VOLUMETRIC  STRAIN,  PCT 


MB  SAND  TEST  DNR  15 

Don* tty  oo  romoldodt  1.719  qm/co 

COMPOSITION  PROPERTIES  RT  END  OF  BPS 
Wot  2.009  g«/ee 

Hittr  oofttinti  20.0  pot 
Dry  don* tty i  1.740  g«/oe 

Void  rot lot  0.93 

PRESSURES  RT  END  OF  BPS,  MPo 
Confining  prooourot  3.19 

Por*  prooourot  3.04 


1.0  10.0  20.0  30. 
MEAN  NORMAL 


60.0  p 

o  1 

i50.0 


0.0  0.9  1.0  l.S  2.0  2.9  3.0 

AXIAL  STRAIN,  PCT 


0.0  1.0  2.0  3.0  4.0  9.0  6.0 

Effoctlvo  MEAN  NORMAL  STRESS,  MPo 


0.0  0.9  1.0  1.9  2.0  2.9  3.0 

AXIAL  STRAIN,  ACT 


PLATE  74 


..  <  r 


VOLUMETRIC  STRAIN,  PCT 


MB  SAND  TEST  DNR  16 

Dene tty  ae  refolded*  1.721  gm/oc 

COMPOSITION  PROPERTIES  RT  END  OF  BPS 

Hot  dintltyi  2 .M3  g>/eo 

Hater  content i  28.3  pet 
Dry  done I tyi  1.731  gm/ce 

Void  ratios  0.34 

PRESSURES  RT  END  OF  BPS,  MPa 

Confining  prooourot  3.07 

Pore  prooourot  3.04 


RXIRL  STRAIN,  PCT 


AXIAL  STRAIN,  PCT 


PLATE  75 


